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(54) Method for the Manufacture of 
Electrets 



(57) A method for the manufacture pf 
electrets from a material consisting of 
a polymer wherein a product formed 
from said material is heat treated to 



anneal it prior to its polarisation; In 
one example, a fluorinated polymer 
film is heated to its crystallisation 
temperature for at least one hour and 
Is then quenched prior to Its 
polarisation by corona discharge 
method. The electret shows improved 
stability as a function of temperature. 
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SPECIFICATION 

M thpd for th Manufa tur of Electrets 

: The invention relates to a method for the 
. manufacture of electrets from a material 
: 5 consisting of a polymer, in particular a fluorinated 
polymer or copolymer, In which a product formed 
from said material Is charged positively. 

Stable electrets charged negatively for 
example by means of a corona charging are 
10 known 

In view of the advantages of balance systems 
e.g. In electret headphones, in which a positively 
t and a negatively charged electret are to be 
" ' combined, there is.a great need for a stable y 
;1 5 positively charged electret. ' ' 

Such a need is felt also for filters made from 
^; / electretfibres;in which the filter operation is ; 
% # mainly based on the electric attraction of the dust * : 
or aerosol particles by the electret fibres. Here ; v 
20 two-sided charged electret fibres are required, : 
> with one side charged positively and the other 

side negatively. Said bipolarly charged fibres 
. ; produce a strong Inhomogeneous electric field by 
which both charged and uncharged particles are 
25 captured much more efficiently than in 

conventional filters made from uncharged fibres. 
" For electret filters another important need exists, 
i.e. that the filter should withstand high 
temperatures, in this regard 
30 polytetrafluorethylene (Teflon) or polymers 

^ corresponding therewith and/or derived therefrom;; 
r ^ should be used as the starting material. It has 
been found that positively charged electrets 
V manufactured from fluorinated polymers have the 
35 disadvantage of being much less stable than 
negatively charged electrets. 
~>\ It Is the object of the invention to provide for a 
: method of the sort mentioned in the preamble, In 
v. which said disadvantage is avoided. 
40 " r According to the invention, said object is 
i . J /{ achieved by subjecting the electret material te a •••*;' 
;#- ; V ; o thermal pretreatment / 

,. Positively charged electrets manufactured this ■ 
>3fv'way not only have the advantage of an excellent 
45 stability as a function of temperature, they also 

have the advantage that they remain stable in the 
'' long run and at a high humidity. 

Moreover, the method according to the 
Vtt - invention Is of interest for applications in which 
50 (e.g. in electroacoustlc transducers), a foil is firmly 
adhered to a metal plate according to a method 
called heat sealing, in order to obtain electret 
transducers with very stable mechanical and 
thermal properties. The thermal pretreatment, 
• 55 also called annealing, Is automatically carried out 
v during said adhering m thod. The conditions ■ • 
■ during the heat sealing only need to be optimized. 

In such transducers the foil and the plate are 
V : A^ perati n fth foil may 

[■ 60 be carried out either before or after the 
perforation. 

The method according to the invention has 
i- further the advantage that the time interval 
between the thermal pretr atment and the 



65 charging operation is not critical, so that said 
operations can be carried out in separated- 
V locations during the fabrication; alternatively the 
pretreated material may be stored for a certain 
: period of time before the charging. The fact that 
70 the storage time is hot critical is of importance 
because the charging operation generally 
proceeds faster than the thermal pretreatment. 

The invention will how be described by way of 
a few examples and with reference to the 
75 accompanying drawings, in which: 

Fig. 1 schematically shows a device for - 
carrying out an embodiment of the method / 
according to the invention; / ? 

• . Fig. 2 schematically ^ displays a device for 
80 carrying out another embodiment of the method 
; according to the invention; and: 
\"i Figs 3^ — 6 represent diagrams of foils treated 
'■' and charged according to several methods. 
■ The production of an electret by charging the -; 
85 starting material may take place according to 
several methods; 
> 1 . By poling the material simply between two 
electrodes or alternatively by using a glassfibre 
netting between the electrodes and the material; 
90 2. Electron bombardment; 
3. Ion bombardment; 
4 Corona charging; and 
5. Liquid charging; 

In corona charging air is used as the transport 
95 medium for the charge carries, whereas in liquid 
, charging a liquid is used as the transport medium, 
which liquid should preferably be volatile. 
Electron bombardment is suitable only for 
' negative charging, i.e. for obtaining a negatively 
100 charged electret, whereas the remaining 

/ possibilities (1 , 3, 4 and 5) are well suited for the 

positive charging of the starting material to be 
\ used for an electret. 

- Methods 1,3, 4 and 5 are also usable, for 
105 bipolar charging. : ; 

, In the device shown in Fig. 1 corona charging 
."'"V.^-has been chosen as an example for the " r 
manufacture bf an electret. 
V . According to Fig. 1 a product in the form of a 
110 foil of a polymeric material is supplied through a 

\ : transpbrt device (not shown) to a furnace 2 in 
•'; -which the foil is heated to a temperature above, 
the lowest crystallisation temperature of the 
polymer used. Said temperature is maintained for 
1 1 5 a predetermined period of time. Although, a foil is 
; used, the method according to the invention is 
also suitable for fibres, sheets of several 
dimensions and so on, which are fed to the 
i furnace by means of an adapted transport means; 
1 20 As already stated the foil consists of a polymer, 

for example polytetfafluoroethylene, also called 
■ : 'Teflon", (Register d Trade Mark). But also 
copolymers such as for exampl 
: tetraf luoroethylene-hexafluoropropylene (Teflon- 
125 FEP)ort trafluoroethylene-per- 

. flu romethoxyethylene (Teflon-PFA) are suitable 

for the manufacture of positively charg d 
. electrets by using the method according to the 
invention. Moreover, said polymers have the 
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advantage that they can be easily adhered to 
some other material by supplying heat, which 
adhering method is called heat sealing. 
V :X In order to keep the foil in the furnace at a 
5 temperature above the lowest crystallisation 70 
temperature during a predetermined period of 
time, the foil may reside In the furnace during said 
period of time. The residence time in the furnace 
during the predetermined time may also be 

10 obtained by adapting the feeding velocity and/or 75; 
the dimension of the furnace In the direction of 
the transport of the foil. 

Thereafter foil 1 is fed to a quenching device 3 
by means of a transport device not shown, In 

1 5 which the foil is cooled abrupitly. Subsequently 80 

'•); foil 1 is supplied to charging device 4 for which in . 
this embodiment a corona charging device has . • 
been chosen, by means of which a positive charge 
is injected into foil 1 . \ : So 

20 The corona charging device consists of a metal 85 
v plate 4 connected to earth, a grid 6 and corona 

: : wires 7. Foil 1, which might be one-sided • 

• metallized, is led between an earthed metal plate y 

; 5 and grid 6. The corona wires 7 are connected to ;'•//-:• 
25 a positive or alternating potential of for example 8 v 90 
kV. In the latter case the charge assumed byther ? 
: , :foil is determined by the potential of the grid 6 : ; 
which in this case should carry a positive potential 

• for example of a magnitude of +300 V with 

30 respect to the grounded plate 5. At a slow feeding ,95 
speed the foil is roughly charged up to the 
■potor^dA of grid 6. The magnitudes mentioned as • : 
r : an example may be chosen up to such a high level 
■ ;: that yet neither electrical breakdown of foil 1 nor ■ 
35 sparking of the corona wires 7 to plate 5 occur. 100 
In Fig. 2 a device is schematically shown, by ; 
means of which another embodiment of the : : 
method according to the Invention can be - 
.; . { Implemented. Here the foil is charged in two 
AO : stages; Here too, transport means not shown are 105 
used for feeding foil 1. 

, Foil 1 is fed to furnace 2 in which said foil is 5 / 
pretreated thermally as In the device according to 
Fig. 1 . After a quenching operation (optional) foil 

45 1 is guided further and supplied to the first ,} 110 
charging device 4 in which the foil is charged for j 
the first time. Thereafter foil 1 is fed to furnace 2' 
in which the foil is discharged partially by heating. 
After said discharge operation foil 1 is fed to a 

• 50 second charging device 4'. The charging devices 1 1 5 
; are shown as blocks, however, It is clear that for 
/ this a corona charging device according to Fig. 1 . : 
or another suitable charging device can be 
applied. 

55 In Figs 3 up to and incl. 5 some results of 120 
charged foils are given in the form of graphs. / 
Along the abscissa the temperature f is plotted in 
. degrees Celsius, whereas along the ordinate the ... 
surface voltage V c of the foil is plotted in volts 

60 according to a logarithmic scale, which voltage V c 125 
is proportional to the positive charge density 
pres nt in the foil. It Is noted that the parameters 
used are only examples and consequently they 
may not be considered as a limitation of the 

65 inv ntipn. . . ^ 130 



The graphs of Fig, 3 apply to 50 pm thick foils 
made of the polymer 'Teflon-FEP", which are 
charged at room temperature in which the corona 
wires 7 are Connected to a sourc with an ■;>•:, 
alternating voltage of 8 kV and in which grid 6 - 
has a potential of +300 V with respect to the 
grounded plate 5. Graph a of Fig. 1 applies to a V 
foil of the above mentioned sort, which is not 
. annealed. Graph a shows an abrupt charge drop I 
beyond a heating temperature of 75?C. Graph b 
represents the result of a charged foil of the same 
sort, but annealed by a preheating to 250°C : 
which foil is kept at this temperature for two ^U: 
hours. After this thermal priatreatment and after - 
■quenching the foil, it is charged under the same ; 
conditions as the foil of graph a. Frbrn a K. ■'%■ 
comparison of graphs a and b the effect of the 
thermal pretreatment on the stability as a function 
of temperature emerges clearly. The charge drop 
in graph a has completely disappeared in graph'b. 
The thermally preheated foil therefore retains its 
charge up to a much higher temperature. 

|t is noted that the small voltage differences at 
the beginning of the graphs are due to differences 
in the thicknesses of the foils used. The same : 
comment applies to the graphs discussed ^ ; ; ^ 
hereafter as well. 

• Experiments have shown/that the , : ; 
improvement in stability usually starts to be 
clearly discernable after a thermal pretreatment at 
a temperature slightly above the lowest 
crystallisation temperature of the material of the 
foil. The effect of the annealing becomes more 
pronounced when the annealing temperature *' 
increases. Also the time during which the foil is ; ^ 
maintained at the annealing temperature Is of 
importance. ; ■ yr/'/ A ;i:^ : ,/ ■ : ^C:.--;! : <- ^ 

The effect of the annealing time Is 
demonstrated in Fig. 4. Graph a of Reapplies ^ 
to a foil not thermally preheated and charged with 
the corona charging device 4 of Fig. 1 , in which 
corona wires 7 are connected to a source with ah 
alternating voltage of 8 kV and In which grid 6 
: has a potential of +300 V with respect to plate 5. 
Graphs b and c of Fig. 4 apply to foils being 
charged under the same charging conditions as 
the above mentioned foil, In which, however, 
before the charging, the foils were heated to 
250°C. The foil to which graph b applies was 
heated during 60 minutes, whereas the foil of 
graph c was heated during 1 20 minutes. ; >■ 
; It has been found surprisingly that fast cooling 
or quenching of foil 1 In the quenching device 3 
after a thermal preheating, not only speeds up the 
manufacturing process, but surprisingly also :^ 
improves the stability. 

- A further improvement In stability occurs when 
the charging of the foil Is carried out at a , 
temperature above room temperature, preferably 
at a temperature between th lowest 
crystallisation temperature and the melting 
temperature of the foil material. Said increased ■ ■: 
charging temperature may be obtained for/. * 
example by heating m tal plate 5 Iri the corona ^. o 
charging device 4. When the foil Is quenched after i 
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: ' Its charging at an elevated temperature a further 
Improvement in stability occurs. 

With reference to the graphs of Fig. 5 results / 
will next be elucidated obtained by the method 
5 carried 70 

Graph a in Fig. 5 is plotted for a foil which was r 
A- held at a temperature of 250*?C for two hours, 
after which It was quenched. The charging * 
: ;'. V, parameters are equal to those for the foils to ; 
'10 which the graphs discussed above apply. : 75 
Graph a applies to a foil partially discharged by 
heating in furnace 2, which discharge was 
interrupted at a surface potential of +1 00 V. 
Graph a displays the result of the foil after 
15 charging It for the first time. Graph b in Fig. 5 is 80 
• •plotted after the foil was charged for the second / 
'.'V Mime in charging device 4' of Fig. 2. In said second ^ ; 
: ; charging operation the same charging conditions V 
are in force. 

, 20 The thermal pretreatment does not only $5 
V /. produce an Improvement in stability as a function 
of temperature* but also as a function of time. The 
;;■ ■• latter improvement in stability is apparent from .- 
•the graphs in Fig. 6. . 
i5 In Fig. 6 along the abscissa time t (in minutes) 
i i ^is plotted and along the ordinate the surface 90 ; 

voltage V c (in volts) generated by the foil which is 
' ; a measure for the positive charge density on the ■ 

^;r ^fo|L^/v>r^;,^^:; ; \ W • ; 

30 Graph a shows, at a measuring temperature of' 

200°C,the decrease in charge of a foil 95 
immediately after its charging, using the above • 
";:V-y*:>mentioned'chaiglng conditions. This foil was not 
V; subjected to a thermal pretreatment. Graph.b 
35 shows the result of a foil which before Its 
V charging had been subjected to an annealing at 1 00 
250°C for two hours, whereafter the foil was 
y{ quenched. ■ 
\- Positive electrets may be used in particular in 
; 40 electroacoustic transducers such as headphones. 
> . In these headphones perforated electret foils have 105 
been used charged by the method according to 
< ; . the invention. • V.'": 

It appears that the method according to the 
45 invention is well suited for the charging of said 

perforated foils despite of the fact that due to the, 1 10 
perforation the field pattern Is not homogeneous 
during the charging operation. For the application 
in an electroacoustic transducer the perforated 
; 50 foil Is adhered to a thin perforated metal sheet ' 
■V: e.g. by heat sealing. It isclearthatbysaidheat > .115 
V sealing the perforated foil is annealed ; 
automatically, because the sealing method takes 
place at an elevated temperature. In order to 
; 55; obtain an electret as stable as possible one only 

. needs to ptimize the conditions under which the 1 20 
heat sealing is carried out. 

Because by means of the method according to : . 
the Invention stable positively charged electrets : 
: ;B0., may be manufactured now, one may us a V 

. v / combination of a positively and negetively J25 
v charged electret In an electro acoustic transducer 
; (for example a headphone). The balance system 
■ obtained has many advantages such as for 
65 example a simpler driv r unit and a higher 



acoustic energy output 

It is noted that an improvement in stability of \- 
positive electrets may be achieved by performing 
In addition to the annealing pf the starting 
material, a roughening of the material before the 
charging (e.g. by sandpapering or glasspearl \ 
blasting)./ . ' 

. For the manufacture of bipolar electret fibres 
for electret filters one may start from a 
nonmetallized foil that is first annealed and 
subsequently or simultaneously charged 
positively and negatively at its respective sides. 
Hereafter a known fibrillation method may be . 
used for producing bipolar, electret fibres from the 
bipolarly charged foiL One may also immediately 
start from fibres and charge them positively and : 

negatively. V f . ' ..: • 

It has been found, that by the thermal 
pretreatment not only the positive but also the ' . 
negative charge becomes more stable, and the 
present Invention accordingly also provides a 
method for making positive electrets using the 
same procedure, mi/faf/f mutandis, as for 
negative. 

Claims/' 

1 . Method for the manufacture of electrets 
from a material consisting of a polymer, in 
particular a fluorlnated polymer or copolymer, in ; 
which a product formed from said material is 
charged positively, character/zed in that the 
material is pretreated thermally (annealed). 
• 2. Method according to claim 1 ^characterized 
in that before the charging the material is heated 
to at (east the lowest crystallisation temperature 
and Is maintained at said temperature during a 
predetermined period of time. 

3. Method according to claim 2, characterized 
in that the predetermined period of time is at least 
one hour. 

4. Method according to claim 3, characterized 
in that after the expiration of the predetermined 
period of time the material is quenched. 

5. Method according to one of the preceding 
claims, characterized in that the material is 

! charged at a temperature between its lowest 
crystallisation temperature and its meltingj 
temperature. 

■ 6. Method according to claim 5, characterized 
in that after the charging the materiai is 

'.quenched.' *' 

7. Method according to one of the preceding 
claims^ characterized in that before the charging 
the surface of the material is roughened. 

8. Method according to claim 1 , characterized 
/V? that after its annealing the material is charged 
positively for the first tim , partly discharged 
thereafter and subsequently recharged positively. 

■ 9. Bipolar electret charged positively atone 
side according to a method of one of the . 
preceding claims, while the other sid is charged 
negatively. 

1 0. Method for th manufactur of electrets 
fr m a mat rial consisting of a polymer, in 
particular a flu rinated polymer rcop lymer, in 
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which a product formed fr m said material is < 
charged negatively, characterized in that the Y 
material is pretreated thermally (annealed). y"-," 3 
11. Method according to claim 10, 
5 characterized in that the step as specified in any 
;bne of claims 2 to 7 are carried out 
•'; 1 2. Method according to claim 1 , carried out 



. k substantially as described, with reference! to' and"; 
K as illustrated by Fig. 1 or Rg. 2 of the tt 
10 accompanying drawings,, 

13. An electret whenever prepared by a 
method as claimed in any one of claims 1 to 8 or 
10 to 12. : r , 
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